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© Waveguide virtual image display. 



© A waveguide virtual image display (15) including 
image generation apparatus (22) providing a real 
image at an inlet of an optical waveguide (20). The 
real image being reflected a plurality of times within 



the optical waveguide (20) by diffractive optical ele- 
ments (23, 25, 26, 27, 28) that magnify and filter the 
real image and produce a virtual image at a viewing 
aperture 
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The present invention pertains, generally, to 
virtual image displays and more particularly to 
compact virtual image displays. 

Background of the Invention 

Visual displays are utilized in a great variety of 
equipment at the present time. The problem is that 
visual displays require relatively high electrical 
power and require a great amount of area to be 
sufficiently large to produce a useful display. In the 
prior art, for example, it is common to provide 
visual displays utilizing liquid crystal displays, di- 
rectly viewed light emitting diodes, etc. These pro- 
duce very large and cumbersome displays that 
greatly increase the size of the receiver and require 
relatively large amounts of power. 

In one instance, the prior art includes a scan- 
ning mirror which periodically scans a single row of 
pixels to produce a two dimensional visual display 
but again this requires relatively large amounts of 
power and is very complicated and sensitive to 
shock. Also, the scanning mirror causes vibration in 
the unit which substantially reduces visual acuity. 

Summary of the Invention 

Solutions to the above problems and other 
advantages are realized in a waveguide virtual im- 
age display having a viewing aperture, the display 
including image generation apparatus for providing 
a real image, an optical waveguide having an inlet 
positioned adjacent the image generation apparatus 
for receiving a real image provided thereby. The 
optical waveguide further includes an outlet spaced 
from the inlet and defining the viewing aperture, the 
optical waveguide defining an optical path thereth- 
rough from the inlet to the outlet and constructed to 
transmit an image from the inlet to the outlet. 
Optical means positioned along the optical 
waveguide at predetermined areas in the optical 
path magnify the real image supplied at the inlet 
and providing a magnified virtual image at the 
outlet. 

An exemplary embodiment of the invention will 
now be described with reference to the accom- 
panying drawings. 

Brief Description of the Drawings 

Referring to the drawings: 
FIGS. 1A and 1B are side and top plan views of 
a waveguide virtual image display in accordance 
with a preferred embodiment of the present in- 
vention; 

FIG. 2 is a simplified block diagram of an elec- 
tronic portion of the waveguide virtual image 
display of FIG. 1; 



FIG. 3 is a view in top plan of the LED array of 
FIG. 2; 

FIGS. 4 through 9 are side views of other 
waveguide virtual image displays, each con- 
5 structed in accordance with alternative embodi- 
ments of the invention; 

FIGS. 10A and 10B are perspective and side 
views, respectively, of a head mounted 
waveguide virtual image display constructed in 

io accordance with the preferred embodiment of 
the present invention; and 
FIG. 11 is a side view of another waveguide 
virtual image display constructed in accordance 
with the preferred embodiment of the present 

15 invention. 

Description of the Preferred Embodiment 

Referring specifically to FIGS. 1A and 1B, a 

20 waveguide virtual image display 15, constructed in 
accordance with the preferred embodiment of the 
present invention, is illustrated in side and top 
views thereof, respectively. The display 15 includes 
an optical waveguide 20. The term "waveguide" as 

25 used in this disclosure denotes total internal reflec- 
tion confinement in a relatively thick substrate. This 
is opposed to the more conventional usage in 
which light is confined to a very thin layer in which 
only discrete waveguide modes can propagate. Op- 

30 tical waveguide 20 has image generation apparatus 
22 affixed thereto adjacent one end for providing a 
real image at a real image inlet. The real image 
from apparatus 22 is directed angularly along op- 
tical waveguide 20 toward a diffractive magnifying 

35 lens 23. Diffractive magnifying lens 23 is any of the 
well known lenses, similar in operation to a Fresnel 
lens, which are presently producible. As is known 
in the art, diffractive lenses utilizing the Fresnel 
principal, binary optics, etc. are producible utilizing 

40 well known semiconductor manufacturing tech- 
niques. Such lenses are conveniently patterned to 
provide a desired amount of magnification. 

Light rays from the real image at apparatus 22 
are diffracted by lens 23 onto a second lens 25 

45 where additional magnification occurs. The light 
rays are then directed along a light path through 
optical waveguide 20, being reflected at predeter- 
mined areas 26 and 27, until the light rays exit 
optical waveguide 20 at a virtual image outlet. 

so Depending on the optical properties required of 
display 20, areas 26 and/or 27 may include addi- 
tional diffractive optical elements, providing addi- 
tional optical power, filtering, aberration correction, 
etc. Diffractive grating 28 defines a viewing ap- 

55 erture, through which an operator looks to view an 
enlarged virtual image of the real image produced 
by apparatus 22. 
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Apparatus 22 is illustrated in more detail in 
FIG. 2 and includes, for example, semiconductor 
electronics such as a light emitting diode (LED) 
array 30 driven by data processing circuits 32. 
Data processing circuits 32 include, for example, 
logic and switching circuit arrays for controlling 
each LED in LED array 30. Data processing circuits 
32 include, in addition to or instead of the logic and 
switching arrays, a microprocessor or similar cir- 
cuitry for processing input signals to produce a 
desired real image on a device such as LED array 
30. 

In this specific embodiment LED array 30 is 
utilized because of the extremely small size that 
can be achieved and because of the simplicity of 
construction and operation. It will of course be 
understood that other image generating devices 
may be utilized, including but not limited to lasers, 
LCDs, CRTs, etc. Referring specifically to FIG. 3, a 
plan view of LED array 30 is illustrated in which 
pixels are formed in a regular pattern of rows and 
columns on a single semiconductor chip 35. Each 
pixel includes at least one LED, with additional 
parallel LEDs being included, if desired, for addi- 
tional brightness and redundancy. By addressing 
specific pixels by row and column in a well known 
manner, the specific pixels are energized to pro- 
duce a real image. Digital or analog data is re- 
ceived at an input terminal 33 and converted by 
data processing circuits 32 into signals capable of 
energizing selected pixels to generate the predeter- 
mined real image. 

It will be understood by those skilled in the art 
that LED array 30 and semiconductor chip 35 are 
greatly enlarged in the FIGS. The actual size of 
semiconductor chip 35 is on the order of a few 
milli-meters along each side with each LED being 
on the order of as little as one micron on a side. As 
the semiconductor technology reduces the size of 
the chip, greater magnification and smaller lens 
systems are required. Because the long optical 
path (multiple reflections) in the optical waveguide 
allows for greatly increased focal lengths of the 
diffractive elements or lenses without substantially 
increasing the overall size of the display, relatively 
high magnification can be achieved without greatly 
limiting the field of view or substantially reducing 
eye relief. 

Referring specifically to FIG. 4, an alternative 
waveguide image display in accordance with the 
invention, designated 40, is illustrated. Display 40 
includes an optical waveguide 42 having parallel 
spaced apart surfaces 43 and 44 with image gen- 
erating apparatus 45 affixed thereto at a real image 
inlet. Apparatus 45 is basically the same as ap- 
paratus 22, explained above, and provides a real 
image which is transmitted along an optical path 
through optical waveguide 42 to a virtual image 



outlet. The real image is introduced into optical 
waveguide 42 angularly so as to reflect a plurality 
of times from the spaced apart parallel sides 43 
and 44, at predetermined areas, and eventually 
5 appear at a virtual image outlet as a magnified 
virtual image. It should be understood that the 
general term "reflect" is utilized to include any 
manner in which the angularly directed light rays 
are redirected from an area at one of the parallel 

/o surfaces 43 or 44 back into the bulk of optical 
waveguide 42. 

In display 40, light rays from the real image at 
apparatus 45 are reflected a first time from side 43 
and directed back toward a predetermined area on 

15 side 44 where a diffraction grating 46 is affixed. 
Diffraction grating 46 is constructed to diffract the 
light into a plurality of paths, the diffracted light is 
reflected twice more at predetermined areas on 
sides 43 and 44, respectively, and then appears as 

20 a virtual image at an outlet defined by a second 
diffractive grating 47. Diffractive gratings 46 and 47 
are designed to cooperate and generally operate 
as a low pass filter which removes such undesira- 
ble light as pixellation noise and the like. Further, 

25 the low pass filtering action smoothes the image 
and produces a more desirable virtual image at the 
viewing aperture defined by diffractive grating 47. 

Referring specifically to FIG. 5, another em- 
bodiment of a waveguide virtual image display 50, 

30 constructed in accordance with another alternative 
embodiment, is illustrated wherein apparatus 51 is 
affixed to the inlet of a waveguide 52 for providing 
a real image thereto. Light rays from the real image 
at apparatus 51 are directed angularly toward a 

35 predetermined area on a first side 53 where they 
are reflected back toward a second side 54 gen- 
erally along an optical path defined by sides 53 
and 54. A diffractive Fourier lens is affixed to side 
53 at the first predetermined area and causes the 

40 light rays to be spread so that lines between pixels* 
which form the real image in apparatus 51, and 
other undesirable noise is reflected into light ab- 
sorption or transmission material 56. Material 56 is 
affixed to side 54 of optical waveguide 52 and 

45 either absorbs light impinging thereon or transmits 
the light out of optical waveguide 52. The remain- 
ing portions of the image (light rays) are reflected 
back to side 53 where a second diffractive lens 57 
is positioned which, in combination with another 

50 diffractive lens 58 positioned at side 54, completes 
the magnification of the image. The resulting image 
is reflected to the outlet of optical waveguide 52 
and a final diffractive grating 59 for any additional 
filtering and aberration correction that may be re- 

55 quired. Diffractive grating 59 defines a virtual image 
aperture through which an operator views an en- 
larged virtual image of the real image produced by 
apparatus 51. 
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Referring specifically to FIG. 6, another em- 
bodiment of a waveguide virtual image display 60 
Is illustrated wherein apparatus 61 is affixed to an 
inlet of a waveguide 62 for providing a real image 
thereto. Light rays from the real image at apparatus 

61 are directed angularly, by means of a redirec- 
tion optical element 63 positioned between appara- 
tus 61 and the inlet of optical waveguide 62, toward 
a predetermined area on a first side 64 where they 
are reflected back toward a second side 65 gen- 
erally along an optical path defined by sides 64 
and 65. Redirection element 63 may use any of a 
number of optical means to redirect light, including 
but not limited to diffraction, refraction, fiberoptics, 
etc. A first imaging mirror 66 is formed integrally 
with optical waveguide 62 at the first predeter- 
mined area and provides magnification. A diffrac- 
tive optical element 67 is affixed to side 65 at the 
second predetermined area and provides aberra- 
tion correction on the light rays impinging thereon. 
A second imaging mirror 68 is formed integrally 
with optical waveguide 62 at the third predeter- 
mined area and provides any additional magnifica- 
tion which is required. A final diffractive optical 
element 69 is positioned along optical waveguide 

62 at an outlet and cooperates with element 67 to 
complete the aberration correction Element 69 de- 
fines a viewing aperture through which an operator 
views a magnified and aberration corrected virtual 
image. 

It will of course be understood that optical 
waveguide 62 and other optical waveguides dis- 
closed herein are constructed of optical quality 
quartz, optical quality plastic, or any other of the 
materials well known and available for the purpose. 
Further, the various lenses and diffraction gratings 
described herein are manufactured individually and 
attached to the waveguide surface, manufactured 
integrally with the waveguide in a single piece, or 
some preferred combination of the two. For exam- 
ple, the waveguide can be formed by moulding the 
body out of optical quality plastic and the various 
diffractive optical elements can be made by em- 
bossing a master into a soft polymer film which is 
then attached to the surface of the optical 
waveguide. Alternatively, the surface of an optical 
waveguide formed of optical quality quartz can be 
processed (etched, deposits, etc) by known semi- 
conductor techniques to provide the desired dif- 
fraction and/or reflection characteristics. 

Referring specifically to FIG. 7, another em- 
bodiment of a waveguide virtual image display 70 
is illustrated wherein apparatus 71 is affixed to the 
inlet of a waveguide 72 for providing a real image 
thereto. Light rays from the real image at apparatus 
71 are directed angularly toward a predetermined 
area on a first side 73 where they are reflected 
back toward a second side 74 generally along an 



optical path defined by sides 73 and 74. Three 
diffractive lenses 75, 76 and 77 are affixed to sides 
73 and 74 at the next three predetermined areas, 
respectively, to which the reflected light rays are 

5 directed. Diffractive lenses 75, 76, and 77 provide 
the required amount of magnification so that a 
virtual image of a desired size is viewable through 
a last diffractive element 78 which defines the 
outlet of optical waveguide 72. 

io Referring specifically to FIG. 8, another em- 

bodiment of a waveguide virtual image display 80 
is illustrated wherein apparatus 81 is affixed to the 
inlet of a waveguide 82 for providing a real image 
thereto. Waveguide 82 is formed generally in the 

is shape of a parallelogram (side view) with opposite 
sides, 83, 84 and 85, 86, equal and parallel but not 
perpendicular to adjacent sides. Side 83 defines 
the inlet and directs light rays from the real image 
at apparatus 81 onto a predetermined area on 

20 adjacent side 85 generally along an optical path 
defined by all four sides. Three diffractive lenses 
87, 88 and 89 are affixed to adjacent sides 85, 84 
and 86, respectively, at three predetermined areas 
and the magnified virtual image is viewable at an 

25 outlet in side 86. This particular embodiment illus- 
trates a display in which the overall size is reduced 
somewhat and the amount of material in the 
waveguide is reduced to reduce weight and ma- 
terial utilized. 

30 Referring to FIG. 9, yet another embodiment of 

a waveguide virtual display 90 is illustrated wherein 
an optical waveguide 91 having a generally triangu- 
lar shape in side elevation is utilized. An apparatus 
92 for producing a real image is affixed to a first 

35 side 93 of optical waveguide 91 and emanates tight 
rays which travel along an optical path directly to a 
diffractive lens 94 affixed to a second side 95. Light 
rays are reflected from lens 94 to a diffractive lens 
96 mounted on a third side 97. Lens 96 in turn 

40 reflects the light rays through a final diffractive lens 
98 affixed to the outlet of optical waveguide 91 in 
side 93, which lens 98 defines a viewing aperture 
for display 90. In this particular embodiment the 
sides are angularly positioned relative to each other 

45 so that an inlet and outlet of the display 90 are 
perpendicular. 

FIGS. 10A and 10B illustrate an embodiment of 
a waveguide virtual image display 100 wherein 
display 100 is incorporated into a frame 105 for 

so eye glasses. Frame 105 provides convenient head 
mounting for display 100 so that hands-free view- 
ing is accomplished. Display 100 can be any of the 
various embodiments discussed above and in this 
specific embodiment is a combination of features 

55 selected to provide the most convenient shape. 
Display 100 includes an optical waveguide 110 
which has four sides 111, 112, 113 and 114 specifi- 
cally shaped to direct light waves to predetermined 
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areas. Apparatus 115 is affixed to side 111 of 
optical waveguide 110 and provides a real image, 
as described above, through an inlet that is gen- 
erally perpendicular to side 111. Light rays travel 
along an optical path to a predetermined area on 
side 112 where a diffraction lens 116 magnifies the 
image and reflects the light rays to a predeter- 
mined area on side 113. A second diffraction lens 
117 is affixed to side 113 at the predetermined 
area to provide additional magnification of the im- 
age and to direct the light rays to an outlet in side 
112. A final diffractive optical element 118 is affixed 
to side 112 at the outlet and defines an aperture for 
viewing the resulting magnified virtual image. Sides 
112 and 113 are designed so that light rays ema- 
nating from diffraction lens 117 are perpendicular 
to side 112. As is well known in the art, light rays 
incident to a surface, which are perpendicular to 
the surface, provide the most efficient transmission 
through the surface, so that the design of this 
specific embodiment is believed to be one of the 
simplest to construct and the most efficient to 
operate. 

Referring specifically to FIG. 11, another em- 
bodiment of a waveguide virtual image display 120 
is illustrated wherein image generation apparatus 
121 is positioned to provide a real image at an inlet 
to an optical waveguide 122 by way of a refractive 
lens 123. The inlet is defined on a first side 124 of 
optical waveguide 122 and light rays are directed, 
by lens 123 to a predetermined area on a second 
side 125 of optical waveguide 122. A diffractive 
lens 126 is positioned at the predetermined area on 
side 125 and redirects the light rays back to an 
outlet on side 124, defined by a diffractive lens 
127. Light rays emanating from the outlet of optical 
waveguide 122 through diffractive lens 127 are 
magnified a final time by a refractive lens 128 
fixedly positioned relative to diffractive lens 127. It 
will be understood that various combinations of 
diffractive and refractive optical elements can be 
used either internal or external to the optical 
waveguide to provide the required optical power, 
aberration correction, magnification, filtering, etc. 

While a plurality of different embodiments have 
been illustrated and explained, it will be understood 
that any single embodiment can incorporate any or 
all of the described features. Generally, each spe- 
cific embodiment should be tailored to whatever 
application it is desired to provide and whichever 
features are required should be incorporated. 

Thus a new and greatly improved waveguide 
virtual image display is disclosed, which is used 
with an extremely small LED array or other real 
image apparatus. The waveguide virtual image dis- 
play provides a predetermined amount of mag- 
nification without reducing the eye relief or the 
working distance of the lens system. Further, the 



electronics provided as a portion of the waveguide 
virtual image display allows a variety of very small 
real images to be generated, which can be easily 
and comfortably viewed by an operator through, for 
5 example, a head mounted, hands-free display. 

Claims 

1. A waveguide virtual image display (1 5) having 
io a viewing aperture, the display being char- 
acterized by: 

image generation apparatus (22) for pro- 
viding a real image; 

an optical waveguide (20) having an inlet 

75 positioned adjacent the apparatus (22) for re- 

ceiving the real image provided thereby and an 
outlet spaced from the inlet and defining a 
viewing aperture (28), the optical waveguide 
(20) defining an optical path therethrough from 

20 the inlet to the outlet and constructed to trans- 

mit an image from the inlet to the outlet; and 

optical means (23, 25, 26, 27, 28) posi- 
tioned along the optical waveguide (20) at pre- 
determined areas in the optical path for mag- 

25 nifying the real image supplied at the inlet and 

providing a magnified virtual image at the out- 
let. 

2. A waveguide virtual image display as claimed 
30 in claim 1 further characterized in that the 

optical waveguide (20) is formed of optical 
quality plastic or quartz glass. 

3. A waveguide virtual image display as claimed 
35 in claim 1 or 2, further characterized in that the 

optical means includes a lens (23, 25) formed 
integrally with the optical waveguide (20) as a 
portion of a side of the optical waveguide (20). 

40 4. A waveguide virtual image display as claimed 
in claim 1 , 2 or 3, further characterized in that 
the optical means includes a diffractive optical 
element (28). 

45 5. A waveguide virtual image display as claimed 
in claim 4 wherein the diffractive optical ele- 
ment (28) is formed of a soft photopolymer 
film positioned at a surface of the optical 
waveguide (20). 

50 

6. A waveguide virtual image display as claimed 
in claim 4 or 5, further characterized in that the 
diffractive optical element includes a diffractive 
lens (25). 

55 

7. A waveguide virtual image display as claimed 
in any preceding claim, further characterized in 
that the apparatus (22) providing the real im- 
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age is formed in a semiconductor chip (35). 

a. A waveguide virtual image display as claimed 
in any preceding claim, further characterized in 
that the image generation apparatus (22) pro- 5 
viding the real image includes a light emitting 
diode array (30). 

9. A waveguide virtual image display as claimed 

in any preceding claim, further characterized io 
by image forming electronics (32) connected 
to the image generation apparatus providing 
the real image, the apparatus producing the 
real image in response to signals received 
from the electronics. is 

10. A waveguide virtual image display as claimed 
in any preceding claim, wherein the display is 
mounted on a frame for hands-free operation. 

20 
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